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60/267,800 filed February 9, 2001. 



5 Field the Invention 

The claimed invention relates generally to the field of disc drive data 
handling devices, and more particularly, but not by way of limitation, to an 
improved housing structure for a disc drive having multiple rigid damping 
layers and visco-elastic layers all having nominally the same footprint and 
10 affixed as a laminate to a top cover of the disc drive housing to reduce the 
generation of acoustic noise. 



Background 

Disc drives are data handling systems used to magnetically store and 
15 retrieve digital data files. A typical disc drive comprises a sealed housing 
which encloses one or more rotatable discs to which data are magnetically 
stored by a corresponding array of read/write transducing heads. The heads 
are supported by a rotatable actuator and moved to various tracks defined on 
the disc surfaces by an actuator motor. The discs are supported and rotated 
20 by a spindle motor at a constant high speed. 

A typical disc drive housing comprises a rigid base deck having a 
substantially planar support area to support the various mechanical 
subassemblies of the drive. A top cover mates with side walls extending 
vertically around the perimeter of the support area to complete the enclosure. 
25 A typical housing configuration uses a relatively thick cast aluminum base 
deck and a relatively thin stainless steel stamped top cover. 

Current disc drive designs are typically configured to accommodate a 
"top-down" assembly methodology in which automated assembly lines use 
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robotic arms to sequentially assemble the various subassemblies onto each 
base deck. Once all of the subassemblies have been installed, a top cover is 
mated with and secured to the base deck using a number of external 
fasteners. Typically, fasteners are additionally inserted through the top cover 
5 into top portions of the spindle motor and actuator assembly. 

While affixing the spindle motor and actuator assembly to both the 
top cover and the base deck improves the mechanical support of these 
subassemblies, such configuration also enhances the excitation of the 
housing during operation of the disc drive, undesirably resulting in the 

10 generation of acoustic noise. 

The level of sound radiation from a disc drive housing through 
excitation of the housing is generally determined by sound energy produced 
by the rotating discs, and vibration energy produced by the rotating discs and 
by movement of the actuator assembly during access (seek) operations as the 

15 heads are quickly moved to different tracks on the disc surfaces. Generally, 
thicker housing structures attenuate excitation energy better than thin 
structures. Since the top cover is usually thinner than the base deck, the 
cover will tend to transmit more acoustic energy than the base deck. 

In an effort to reduce the generation of acoustic noise, disc drive 

20 manufacturers have attempted to dampen the housing structure to increase 
attenuation (transmission loss). For example, U.S. Patent No. 5,875,067 
issued to Morris et al. discloses providing a small, circumferentially 
extending acoustic compliance area as a thinned area immediately 
surrounding a contact point to which an excitation source (spindle motor, 

25 actuator assembly) is attached. This compliance area is selected to 

''decouple" the excitation source from remaining portions of the housing so 
that excitation energy is not passed to the remaining portions of the housing. 
U.S. Patent No. 5,214,549 issued to Baker et al. discloses a constrained layer 
damping structure formed by placing a visco-elastic layer of material on a 

30 portion of a housing surface and then placing a thin, rigid layer of material 
on the visco-elastic layer. This allows shear forces in the visco-elastic layer 
to dissipate excitation of the housing structure. 
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While operable, there remains a continued need for improvements in 
the art to reduce disc drive housing excitation to accommodate ever higher 
levels of disc drive performance. It is to such improvements that the present 
invention is directed. 

5 

Summary of the Invention 

In accordance with preferred embodiments, a multi-layer disc drive 
housing structure is provided to enclose and support an excitation source. 
The housing structure is configured to reduce generation of acoustic noise 

10 during disc drive operation. 

The housing structure preferably includes a substantially planar 
housing layer, a plurality of rigid damping layers and a corresponding 
plurality of visco-elastic damping layers arranged in a laminate stack. The 
rigid damping layers are preferably formed from thin sheets of stainless steel 

15 and the visco-elastic damping layers are preferably formed from thin sheets 
of pressure sensitive adhesive (PSA). 

The visco-elastic damping layers and the rigid damping layers share a 
common areal footprint over the housing member surface. The housing 
layer, visco-elastic damping layers and rigid damping layers are selected to 

20 attenuate excitation energy transmitted to the planar housing member by the 
excitation source. 

The characteristics of the various damping layers are preferably 
selected by determining a resonant frequency of a housing layer of a disc 
drive. A plurality of hypothetical models are developed for the housing 

25 structure each comprising first, second and third theoretical layers wherein at 
least one of said theoretical layers comprises multiple damping layers. A 
loss factor profile is determined for each of the hypothetical models in the 
frequency domain and, consequently, in relation to the resonant frequency of 
the housing layer. The final structure configuration is thereafter selected in 

30 relation to the loss factor profiles of the various hypothetical models. 
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These and various other features and advantages which characterize 
the present invention will be apparent from a reading of the following 
detailed description and a review of the associated drawings. 



5 Brief Description of the Drawings 

FIG. 1 is a top plan view of a disc drive constructed in accordance 
with preferred embodiments of the present invention, the disc drive having a 
head-disc assembly (HDA) to which a printed circuit board assembly 
(PCBA, not shown), is attached. 
10 FIG. 2 is an exploded, isometric view of the top cover of the disc 

drive of FIG. 1 showing the use of multiple damping layers in accordance 
with preferred embodiments. 

FIG. 3 is a cross-sectional, elevational view of the top cover in 
accordance with a preferred embodiment. 
15 FIG. 4 is a cross-sectional, elevational view of the top cover in 

accordance with an alternative preferred embodiment. 

FIG, 5 is a cross-sectional, elevational view of the top cover in 
accordance with another alternative preferred embodiment. 

FIG. 6 provides a flow chart for a HOUSING STRUCTURE 
20 CONFIGURATION routine illustrative of steps carried out in accordance 
with preferred embodiments to select a housing structure configuration for 
the disc drive. 

FIG. 7 is a graphical representation of damping response 
characteristics to illustrate improvements achieved by a top cover configured 
25 in accordance with the routine of FIG. 6 as compared to a prior art top cover. 

FIG. 8 is a graphical representation of sound power versus frequency 
for the drive configurations of FIG. 7. 



Detailed Description 

30 Referring to the drawings in general, and more particularly to FIG. 1, 

shown therein is a top plan view of a disc drive data handling system 100 
(hereinafter "disc drive") constructed in accordance with preferred 
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embodiments of the present invention. The disc drive 1 00 includes a head- 
disc assembly (HDA) 101 which houses various mechanical components of 
the disc drive 100, and a disc drive printed circuit board assembly (PCBA) 
which supports various electronic communication and control circuits. The 
5 PCBA is affixed to the underside of the HDA 101 and is therefore not visible 
in FIG. 1. 

The HDA 101 includes a base deck 102 which provides primary 
mechanical support for various internal components of the drive. The base 
deck 1 02 cooperates with a top cover assembly 1 04 (shown in partial cut- 
10 away) and a gasket 105 to form a sealed housing structure for the disc drive 
100. 

A spindle motor 106 is supported within the housing to rotate a 
number of recording discs 108 in an angular direction indicated at 109. An 
actuator 1 10 is provided adjacent the discs 108 and rotates about a cartridge 

15 bearing assembly 1 12 in response to the application of current to an actuator 
coil 113 of a voice coil motor (VCM) 114. The actuator 110 includes a 
number of rigid actuator arms 116 which support flexible suspension 
assemblies (flexures) 118. The flexures, in turn, support a corresponding 
number of read/write heads 120 adjacent the respective disc recording 

20 surfaces. When the disc drive is deactivated, the heads 120 are brought to 
rest upon texturized landing zones 122 and the actuator 1 10 is secured using 
a latch 124. A flex circuit assembly 126 provides communication paths 
between the actuator 1 1 0 and the disc drive PCBA. 

FIG. 2 provides an exploded, isometric view of the top cover 

25 assembly 104 of FIG. 1. The top cover assembly 104 includes a generally 
planar top cover member 128 which is attached to the base deck 102 (FIG. 1) 
using a number of fasteners (one such fastener is shown at 132 in FIG. 2). 
To better illustrate the respective orientations of FIGS. 1 and 2, it will be 
noted that fastener 134 is used to secure the top cover member 128 to the 

30 spindle motor 106, and fastener 136 secures the top cover member 128 to a 
central shaft of the cartridge bearing assembly 112, The top cover member 
128 is preferably formed from stamped stainless steel. 
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Adhered to the top cover member 128 is a damping structure 140 
which is selectively configured to provide desired attenuation characteristics 
to the housing structure. The damping structure 1 40 is made up of multiple 
rigid damping layers 142, 144 and 146 and visco-elastic damping layers (not 
5 separately shown) interposed therebetween to form a laminate with the top 
cover member 128. The rigid damping layers 142, 144 and 146 are 
preferably formed from stamped stainless steel or aluminum, and the visco- 
elastic damping layers each preferably comprise a thin layer of double sided 
pressure sensitive adhesive (PSA), with or without a central flexible web 

10 layer embedded within the adhesive. 

The rigid damping layers 142, 144 share a nominally common 
footprint; that is, the layers 142, 144 each have a common shape, coverage 
area and alignment on the top cover member 128. The layers 142, 144 are 
preferably configured to nest within a correspondingly shaped recess 148 in 

15 the top cover member 128 about the spindle motor 106, 

As will be recognized, disc drives are usually required to maintain 
overall external dimensions that meet a specified volumetric (form factor) 
requirement. The recess 148 can thus be used to accommodate the additional 
thickness added to the drive by the layers 142, 144, so long as internal 

20 mechanical clearance is available to accommodate the recess. Of course, the 
particular use of the recess 148, the particular location of the layers 142, 144 
shown in FIG. 2, and the attachment of the layers to the external surface of 
the top cover member (as opposed to the internal surface of the top cover 
member) are all merely illustrative and not necessarily limiting to the scope 

25 of the present invention. 

Continuing with FIG. 2, the separate rigid damping layer 146 and 
associated visco-elastic layer are placed adjacent a substantial part of the 
remaining portion of the top cover member 128 to surround the spindle 
motor 106 and actuator 110. This separate layer 146 is provided merely for 

30 purposes of disclosing a preferred embodiment and is not necessarily 

germane to the invention as claimed below. The configuration of the rigid 
damping layers 142, 144 and associated visco-elastic damping layers is of 
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particular interest to the present discussion. As mentioned above, it is highly 
desirable to dampen the housing structure to increase the attenuation of 
excitation energy transmitted to the top cover member 128. Application of a 
single layer of visco-elastic damping layer and a single rigid damping layer 
5 to the top cover, as disclosed by the Baker 5,214,549 reference, has been 
found to be highly advantageous in this regard. 

The present invention is an improvement over the three-layer 
approach disclosed by the Baker 5,214,549 reference and involves replacing 
a single thicker rigid damping layer with a number of thinner rigid layers, 

10 each With its own visco-elastic damping layer. This has been foimd to 

provide significant improvements in damping characteristics as compared to 
a single rigid damping layer, even when the multiple layers have a collective 
thickness that is the same as, or even less than, the thickness of the single 
thicker layer. Moreover, in certain circumstances, varying the individual 

15 thicknesses and the ordering of the layers in the laminate stack has also been 
found to provide improvements over a single thicker layer. Exemplary 
embodiments are shovm in FIGS. 3-5. 

FIG. 3 provides an elevational, cross-sectional view of a portion of 
the top cover assembly 1 04 having five total layers comprising the top cover 

20 layer 128, the two rigid damping layers 142, 144 and two visco-elastic layers 
152, 154. The rigid damping layers 142, 144 are shown to each share the 
same nominal thickness. It will be understood that the aspect ratio and 
relative thicknesses of the various layers of FIG. 3 have been exaggerated 
somewhat to better illustrate the various layers. 

25 FIG. 4 provides another five-layer arrangement. In this embodiment, 

the rigid damping layer 142 has a greater thickness than that of the rigid 
damping layer 144. 

FIG. 5 provides a seven-layer arrangement formed from the top cover 
layer 128, three rigid damping layers 142, 144 and 156, and three visco- 

30 elastic layers 152, 154, 158. Rigid layers 142 and 156 share substantially the 
same thickness, and this thickness is less than the thickness of intermediate 
rigid layer 144. 
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From these exemplary embodiments it will be seen that any number 
of multiple rigid damping layers with the same footprint and with the same 
or different thicknesses can be utilized to obtain optimum acoustic damping, 
depending upon the requirements of a given application. The selection of a 

5 particular configuration involves a tradeoff among various considerations. 
Generally, a thicker structure will provide higher overall transmission loss 
(higher attenuation). However, transmission loss is frequency dependent. 
Simply selecting the thickest possible structure allowable by the form factor 
constraints may not provide optimum results since the structure resonates at 

10 frequencies excited by excitation sources within the HDA. Experiments 
have shown that taking an existing multi-layer structure and adding 
additional rigid and visco-elastic layers can actually degrade the damping 
characteristics of the housing; a five-layer structure does not inherently 
provide better performance over a three-layer structure, nor a seven-layer 

15 structure over a five-layer in view of the constraints of a given application. 
An empirical, trial-and-error approach could be used in an attempt to 
find a particular number and combination of damping layers that provides 
desired resuhs. This would involve the physical construction of numerous 
housing structures having various numbers and thicknesses of layers from 

20 various materials and testing each one using suitable test equipment, such as 
an anachoic chamber. Such approach is time and resource intensive, 
however, and therefore may not be practical or desirable in a high volume 
disc drive manufacturing environment where the available design time cycle 
is relatively short. 

25 Thus, FIG. 6 provides a flow chart for a HOUSING STRUCTURE 

CONFIGURATION routine 200 which is advantageously used to select an 
optimum multi-layer damping structure configuration. The routine considers 
a multi-layer structure as a theoretical three-layer structure, with one of the 
three layers comprising a composite of multiple layers. Optimal 

30 characteristics for each of the multiple layers are identified using computer 
modeling. 
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At step 201, the configuration of the particular HDA 101 to be 
optimized is first identified. It is contemplated that step 201 will preferably 
include provision of a statistically significant number of sample HDAs 
having the designated configuration. The sample HDAs selected during step 

5 201 will have an initial thickness for the top cover 128 and will have no 
additional damping layers applied thereto. 

At step 202, an analysis is performed to determine the overall 
thickness of the housing structure to achieve maximum attenuation 
(transmission loss, TL), As will be recognized, TL is proportional to 

10 thickness of the housing structure, and this relationship can be expressed as 
follows: 



TL - TL{co, , // ) = 1 0 log {1 + [CO, Hy 1 2Cf } ( 1 ) 



15 where TL transmission loss 

cot = frequency of transmitted sound 
C = sound velocity in air 

Y = ratio of density of cover material to density of air 
H = cover thickness = ti + t2 + . . . + tn where 
20 t = thickness of each layer of rigid damping or visco-elastic 

material 

n ^ number of layers 



25 



For a particular chosen cover thickness, equation (1) becomes 

TL^TL{co,) (2) 



Form factor and internal clearance requirements will provide an upper limit 
on the maximum available thickness; nevertheless, equations (1) and (2) can be 
30 advantageously used to identify an overall thickness of the damping structure 
consonant with form factor and clearance constraints. Using the top cover 
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assembly 104 of FIG. 3 by way of example, the overall thickness H will comprise 
the thickness of the top cover member 128, rigid damping layers 142, 144 and 
associated visco-elastic layers 152, 154. 

Preferably, step 202 involves specifying the properties and dimensions H 
5 and Y for a particular multi-layer cover. It is assumed that C, the speed of sound in 
air, is constant. From equation (1) it can be seen that as the value of H increases, 
the transmission loss TL also increases at any particular frequency. Thus, one 
should generally select the maximum overall thickness H that the form factor 
allows. 

10 After choosing the value of H, there remains the selection of the number, 

thicknesses and material composition of the various layers, taking into 
consideration the sound emitting properties of the housing structure at the resonant 
frequencies of the housing structure. At the first of the resonant frequencies, the 
amplitude of vibration of the housing structure becomes very large. To reduce 

15 acoustic noise generated by the housing structure, inherent damping of the housing 
structure at such resonant frequencies should be increased. 

Continuing with FIG. 6, at step 203 the resonant frequencies of the housing 
layer (in this case top cover 128) are determined without the presence of additional 
damping layers. This is because there will generally only be a small shift in the 

20 first resonant frequency of the housing layer 128 as a result of the application of 
the relatively thin damping layers to the housing layer 128. These additional layers 
can be characterized as a "filter structure" which attenuates those frequencies of 
interest that are efficiently transmitted through the housing layer 128. The HDAs 
selected during step 201 are tested using suitable test equipment (such as an 

25 anachoic chamber) to identify the resonant frequencies of the housing layer 128. 

At step 204, a number of different hypothetical models of the housing 
structure are selected each having three theoretical layers, with at least one of 
the theoretical layers comprising a multi-layer composite. By way of 
illustration, with reference to the configuration of FIG. 3 one such 

30 hypothetical model can use the top cover layer 128 as the first theoretical 
layer, the immediately adjacent visco-elastic layer 154 as the second 
theoretical layer, and the remaining rigid damping layers 142, 144 and the 
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visco-elastic layer 152 as the third theoretical layer. Other groupings of the 
layers can be made as desired. Table 1 provides possible groupings of the 
layers for the five-layer configuration of FIG. 3, and Table 2 provides 
possible groupings of the layers for the seven-layer configuration of FIG. 5. 



Model Theoretical Layers Actual Layers. 

I h, 128 
h2 154 
h3 144, 152, 142 

II h, 128, 154, 144 
h2 152 

h3 142 

15 Table 1. 



10 



20 Model Theoretical Layers Actual Layers. 

I hi 128 

h2 158 

h3 156, 154, 144, 152, 142 

25 II h, 128,158,156 

h2 154 

h3 144, 152, 142 

III h, 128, 158, 156, 154, 144 

30 h2 152 

h3 142 



Table 2. 



At step 205, a loss factor is determined for each of the different 
hypothetical models. The loss factor is a measure of the damping for the 
housing structure and can be determined using the following relationship for 
a three-layer structure having two rigid damping layers separated by a layer 
40 of adhesive: 
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7 = 2naSSI[\ + Igil + 5) + Ag\\ + 5)] (3) 

where t] = 11(0)) = loss factor 

o =^ frequency of vibration of the housing structure 

r\ = r|a(co) = loss factor for the particular adhesive (layer 2) 

5 - 5(0)) - G2/[E3 h3 h2 k'] 

where G2 = shear modulus of the material of layer 2, which is 

generally a function of frequency and temperature for an 
adhesive; it is assumed for this model that temperature is 
constant 

Ei = Young's modulus for the i^^ layer 

hi = thickness of the i''^ layer 

k^ - CO (mi/Di)^^^ 

mi = pi hi for the i^^ layer 

Di = Ei hiV[12(l -Vi) 

Vi = Poisson's ratio for the i^^ layer =0.3 for steel 

2 2 
g = g(co) == shear parameter = 12a3i as p3 / [1 + a3 P3] 

where a3i =h3i / hi 

h3i-[(hi+h3)/2]+h2 

a3 = h2 / hi 
p3 = E3 / Ei 

All of the above relations are either known functions of frequency or 
known constants for particular hypothetical models of the housing structure. 
A loss factor plot as a function of frequency can thus be readily determined 
for each model. For example, using the proposed hypothetical model 
mentioned above for FIG. 3, it will be noted that the characteristics of the 
first theoretical layer (top cover 128) are known based on the initial 
configuration. That is, the material, thickness (hi). Young's modulus, 
Poisson's ratio, etc. are known based on the sample HDAs selected during 
step 201 . Likewise, the characteristics of the second theoretical layer 
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(visco-elastic layer 154) are also known based on an initial selection of a 
suitable configixration of this material (such as a commercially available PSA 
layer of selected thickness h2). 

Since the overall thickness H of the entire structure was determined 
5 during step 202, the thickness of the third theoretical layer (ha) becomes = 
H ~ (hi + hi). For purposes of this analysis, the third theoretical layer can be 
assumed to have the properties of a single, solid layer (such as steel), and the 
properties needed for equation (3) can therefore be readily determined based 
on this assumption. 

10 The operation of step 205 involves calculating a loss factor profile for 

each hypothetical model in turn over the frequencies of interest identified 
during step 203. Different hypothetical models can use different thicknesses, 
materials and combinations for the first, second and third hypothetical layers. 
While varying the thickness of the first theoretical layer may result in a small 

15 shift in the resonant frequencies of the first layer, as mentioned above such 
shifts will be minor as long as significant changes are not made in the 
thickness or the material composition of the first layer. Thus, the frequencies 
of interest identified during step 203 will remain valid criteria for the 
analysis. 

20 Once loss factor values have been calculated for each of the 

hypothetical models, the routine continues to step 206 where an optimal 
hypothetical model is identified. Generally, the optimal hypothetical model 
will be the model that provides the largest loss factor at the frequencies of 
interest. At this point, using the example above the characteristics of the top 

25 cover layer 128 and the visco-elastic layer 154 will be fully known. What 
will still be unknown is the particular configuration of the various layers 
making up the third theoretical layer. However, the overall thickness and the 
material of the rigid layers of the third theoretical layer will be known at this 
point. 

30 The routine continues to step 207 to determine the optimal 

configuration of the various layers in the third theoretical layer. While 
empirical techniques can be employed at this point to evaluate various 
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combinations based on the boundary conditions determined above, 
preferably the analysis of equation (3) is once again applied to this layer. 
That is, the third theoretical layer is now considered to be a new theoretical 
three-layer structure and the process is repeated. To simplify the model of 
5 the new structure, it is assumed that the thickness of this new theoretical 
three-layer structure is the same as the thickness of the previously 
determined third theoretical layer. This assumption is sufficient to take into 
account the effects of the first structure on the bending of the adjoined rigid 
layer of the new structure. Various alternative hypothetical models are 

10 constructed for this new set of layers, loss factor profiles are calculated at the 
frequencies of interest for each model, and the optimum configuration is 
selected that provides the best results. It will be noted that a five-layer 
structure results from two passes through the evaluation of equation (3). A 
third pass through the evaluation will result in a seven-layer structure (such 

15 as shown in FIG. 5), and so on. 

It is contemplated that various combinations of multi-layer structures 
can be evaluated until one (or more) final configurations are selected. 
Physical models can then be constructed and evaluated to select the final 
configuration, step 208, after which the routine ends, step 209. 

20 FIGS. 7 and 8 graphically illustrate the significant improvements of 

the multi-layer damping structure 140 of the present invention as compared 
to the prior art. FIG. 7 provides a graphical representation of acoustical 
efficiency in terms of loss factor (y-axis 214) versus frequency (x-axis 216). 
Curve 218 represents the loss factor for a conventional three-layer 

25 housing structure having a single rigid damping layer and visco-elastic 

damping layer. Curve 220 represents the loss factor for a five-layer housing 
structure having the configuration of FIG. 3 (i.e., two rigid damping layers of 
the same thickness and two visco-elastic damping layers). From FIG, 7 it 
can be readily concluded that the housing structure configured in accordance 

30 with FIG. 3 provides markedly improved performance over the conventional 
structure. 
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FIG. 8 compares sound power emissions achieved by the housing 
structures of FIG. 7, Particularly, FIG. 8 is a graphical representation of 
sound power (y-axis 222) versus frequency (x-axis 224), Curve 226 
represents the sound power emissions by the drive having the conventional 
5 housing structure, and curve 228 represents the sound power emissions by 
the drive having the structure of FIG. 3. 

At the frequency band of interest (0-12,800 Hz), the acoustical 
efficiency of the cover constructed in accordance with the present invention 
is higher by typically 5-7 dB. Average sound power is lower by typically 2 
10 dB. 

Disc drives were configured using the methodology presented above 
having 1 and 2 discs, respectively. Sound powers were measured for these 
drives at 2,8 dB and 3.2 dB while the drives were operated in an idle mode 
(with a disc speed of about 10,000 revolutions per minute). These results 

15 were found to be better than all other available commercial drives in these 
respective classes. 

It will now be understood that the present invention is generally 
directed to an apparatus and method for reducing generation of acoustic 
noise in a disc drive. In accordance with preferred embodiments, a multi- 

20 layer disc drive housing structure (such as 140) encloses and supports an 
excitation source (such as 106, 110), and includes a substantially planar 
housing layer (such as 128); a first visco-elastic damping layer (such as 154, 
FIG. 3; 158, FIG. 5) contactingly affixed to a portion of the housing layer; a 
first rigid damping layer (such as 144, FIG. 3; 156, FIG. 5) contactingly 

25 affixed to the first visco-elastic damping layer; a second visco-elastic 

damping layer (such as 152, FIG. 3; 154, FIG. 5) contactingly affixed to the 
first rigid damping layer; and a second rigid damping layer (such as 142, 
FIG. 3; 144, FIG. 5) contactingly affixed to the second visco-elastic damping 
layer. 

30 The first and second visco-elastic damping layers and the first and 

second rigid damping layers share a common areal footprint over the housing 
member surface, and the housing layer, the first and second visco-elastic 
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damping layers and the first and second rigid damping layers have respective 
thicknesses selected to attenuate excitation energy transmitted to the planar 
housing member by the excitation source. 

In accordance with additional preferred embodiments, the 
5 characteristics of the various damping layers are selected in accordance with 
a method comprising steps of (a) determining a resonant frequency of a 
housing layer of a disc drive (such as step 203, FIG. 6); (b) developing a 
plurality of hypothetical models for the housing structure each comprising 
first, second and third theoretical layers wherein at least one of said 

10 theoretical layers comprises multiple damping layers (such as step 204, FIG. 
6); (c) determining a loss factor profile for each said hypothetical model in 
relation to the resonant frequency (such as step 205, FIG. 6); and (d) 
selecting a final characteristic of each of said rigid damping layers and said 
visco-elastic damping layers in relation to the loss factor profiles (such as 

15 step 207, FIG. 6). 

It will be clear that the present invention is well adapted to attain the 
ends and advantages mentioned as well as those inherent therein. While 
presently preferred embodiments have been described for purposes of this 
disclosure, numerous changes may be made which will readily suggest 

20 themselves to those skilled in the art and which are encompassed in the spirit 
of the invention disclosed and as defined in the appended claims. 
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